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@ Method and apparatus for opening, closing and rotating rigid marine sails.

@ A rigid marine sail comprises sail portions (6B) pivotably
movable between an open and a closed position about an
axis forward of a rotatable mast (1). Signals representative of
the wind velocity at predetermined time intervals and signals
representative of the wind direction at said intervals are each
smoothed (16) and, on the basis of the smoothed signals, a
™ determination is made whether the sail portions are to be
< open or closed, and the sail is operated accordingly
(11,17,18,19). An optimum sail angle is determined for
< maximum propulsive effect when open and minimum said
wind resistance when closed, and the mast and sail is rotated
N~ (5,20,21,22) as a whole in accordance with the optimum
< angle. This permits automatic and effective utilization of the
wind force when of a suitable velocity in a suitable direction.
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METHOD AND APPARATUS FOR OPENING, CLOSING AND
ROTATING RIGID MARINE SAILS

The present invention relates to a method and appara-
tus for opening, closing and rotating a rigid marine sail
carried by a ship with a view to effectively utilizing the
wind force for propulsion of the ship.

The fitting of sails to ships is currently being
proposed with the object of saving energy. One type of
sail which may be fitted to ships is a canvas sail employed
conventionally. - A sail of this kind however requires much
time and labour for handling.

To solve this difficulty, a generally rigid marine
sail comprising thin metal sheets or synthetic resin sheets
fitted to reinforcing ribbed members has been invented in
place of the above-mentioned canvas sail. These rigid sails
are adapted to be opened and closed by mechanical means
and can thus solve the above-mentioned problem.

One of such rigid sails 1is substantially as shown
in Figs. 1 to 4 hereof and has been previously proposed
in Japanese Patent Provisional Publication No. 47,994/80.
In Figs. 1 to 4, a mast 1 is mounted substantially vertically
on the deck (not shown) of a ship. A mast rotating mechanism
2 is operable to rotate the mast 1 around the axis thereof.
This mechanism 2 comprises a gear 3 fixed on the periphery
of the mast 1 at the 1lower portion thereof and a motor 5

having another gear 4 engaging with the above-mentioned

.gear 3. A rigid sail 6 is fitted to the mast 1 parallel

with the axis thereof by means of a plurality of fitting
members 7. The rigid sail 6 comprises a central sail portion
6A fixed to the mast 1, and two sail portions 6B fitted
to the respective side edges of. the central sail portion
6A so as to be pivotably movable. An opening/closing device
8 is provided for opening and closing each of the sail por-
tions 6B, this device 8 comprising: a movable rod 10 vertic-
ally movably fitted, by means of -a plurality of guide members

9, to the mast 1 in parallel therewith; a ram 11 comprising,
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for example, a piston for vertically moving the movable
rod 10, and a plurality of connecting rods 12 provided at
prescribed intervals. in a vertical column on each of the
sail portions 6B, one end of each connecting rod 12 being
connected, through a respective universal bearing 13, to‘
each of the sail portions 6B at prescribed intervals +to
form a vertical column, and the other end of each connecting
rod 12 being connected, through another respective universal
bearing 14, to the movable rod 10 at prescribed intervals
to form a vertical column.

By driving the motor 5 of the mast rotating mechanism
2, the rigid sail 6°'is rotated together with the mast 1
by means of the gears 3 and 4. The sail portions 6B of
the rigid sail 6 are opened, as shown in Figs. 1 and 2,
by raising the movable rods 10 with the ram 11, and are
closed, as shown in Figs. 3 and 4, by lowering the movable
rods 10 with the ram 11.

One problem that is now appreciated with the above
described rigid sails is that the wind velocity and the
wind direction at sea are in practice continually changing.

An object of the present invention is to provide
a method and apparatus which permits easy and reliable rota-
tion, opening and closing of a rigid marine sail on a ship
with a view to effectively utilizing the wind force for
propulsion of the ship. ' '

According to the present invention there is provided
a method of opening, closing and rotating a generally rigid
marine sail which comprises at least first and second sail
portions pivotably movable between an ‘open and a closed
position about a substantially vertical axis associated

with a mast of a ship, said mast being rotatab].e about its

own axis,’

characterized by:

smoothing a plurality of signals representative of
the wind velocity at predetermined time intervals;

smoothing a plurality- of signéls representative of

the wind direction at predetermined time intervals;
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determining on the basis of smoothed wind velocity
signal and said smoothed wind direction signal whether said
sail portions are to be in the open or closed position;

automatically operating an apparatus for opening
and closing said sail portions in accordance with said deter-
mination;

determining an optimum sail angle, relative to the
ship, at which said sail portions provide maximum propulsive
effect when in said open position and minimum wind resistance
when in said closed position; and '

rotating said mast together with said sail portions
in accordance with any deviation between the actual sail
angle and said optimum sail angle whereby to tend always
€0 maintain said sail portions at said optimum angle.

The invention also provides apparatus for opening,
closing and rotating a generally rigid marine sail whidh
comprises at least first and second sail portions pivotably
movable between an open and a closed position about a sub-
stantiaily vertical axis associated with a mast of a ship,
and said mast being rotatable about its.own axis,

characterized by: ]

meter means (15) on said ship for providing signals
representative of the wind velocity and signals representat-
ive of the wind direction;

means (16) for smoothing a plurality of the signals
representative of the wind velocity at predetermined +time -
intervals; .

means (16) for smoothing a plurality of the signals
representative of the wind direction at predetermined time
intervals; '

means (16) for determining on the basis of said
smoothed wind velocity signal and said smoothed wind direc-
tion signal whether -said sail portions are to be in the
open or closed position; '

apparatus (11,17,18,19) automatically operable to
open and close ‘said sail portions 1in accordance with said
determination;
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means (16) for determining an optimum sail angle,
relative to the ship, at which said sail portions provide
maximum .propulsive effect when in said open position and
minimum wind resistance when in said closed position; and

apparatus (5,20,21,22) for rotating said mast together
with said sail portions in accordance with any deviation
between the actual sail angle and said optimum sail angle
whereby to tend always to maintain said sail portions at
said optimum angle.

An embodiment of the invention will now be described,
by way of example, with reference to the accompanying draw-
ings, in which:-

Fig. 1 is a plan view illustrating an open state
of a previously proposed rigid sail;

Fig. 2 is a partially cutaway front view illustrating
the open state of the sail of Fig. 1;

Fig. 3 1is a plan view illustrating a closed state
of the sail of Fig. 1;

Fig. 4 is a partially cutaway front view illustrating
the closed state of the sail of Fig. 1;

Fig. 5 is a schematic descriptive view illustrating
an embodiment of the present invention;

Fig. 6 1is a flow chart illustrating a method of
smoothing the wind direction signals in a method according
to the invention;

Fig. 7 1is a descriptive drawing of wind direction
sensing;

Fig. 8 is a descriptive drawing of the true wind
velocity 'U‘a, the relative wind velocity Y, and the relative
wind direction 6, in the case where the ship speed is 'V‘S;

Fig. 9 is a descriptive drawing illustrating condi-
tions allowing safe and effective utilization of the wind

force for propulsion of the ship;
Fig. 10 is a graph showing the relationship between .

the relative wind direction and the set value of sail angle;

and
Figs. 11A, 11B and 11C are respective parts of a
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flow chart of an embodiment of the method of the present
invention.

To comply with the above-mentioned object, we carried
out extensive studies. As a result, we developed a method
for rotating, opening and closing a rigid marine‘ sail on
a ship, which permits easy and reliable operation, opening
and closing of the rigid sail, in response to the wind veloc-
ity and the wind direction which change with time on the
sea, with a view to effectively utilizing the wind force
for propulsion of the ship. )

The application of a method of the present invention
to the rigid sail shown in Figs. 1 to 4 is described below
with reference to Figs. 5, 11A, 11B and 1iC.
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In Fig. 5, 15 is a wind velocity/wind direction meter
attached to the ship (not shown). 16 is a calculating
device which has the functions to smooth, at prescribed
intervals, a plurality of wind velocity signals, and a
plurality of wind direction signals from the wind Velocity/
wind direction meter 15 to determine whether or nét thus
smoothed wind velocity signals and wind direction signals
satisfy conditions suitable for opening the two sail
portions 6B, and send a sail portion opening/closing inst-
ruction signal C; to a lift controller described later in
response to the results of the above determination. At

the same time, the calculating device 16 has the function
to calculate the optimum sail angle ¢, in response to the
smoothed wind direction signals, which angle (ay) of the
rigid sail 6 relative to fhe horizontal reference one of
the ship provides the maximum propulsion to the rigid sail
6 when the sail portions 6B are opened and can minimize

the wind resistance acting on the rigid sail 6 when the sail
portions 6B are closed. The calculating device 16 has the
function to send the calculated results to a mast rotating
mechanism described later. 17 is a 1ift controller which
is actuated by a sail portion opening/closing instruction
signal Ci sent from the calculating device 16, and has the
function to drive the lifts 11 simultaneously. 18 and 19

are limit switches attached to the mast 1. The limit switch
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has the function :to send a sail portion opening completion
signal %, to the calculating device 16 when the sail portions
6B are completely opened. The other limit switch 19 has the
function to send a sail portion closing completion signal Lo
to the calculating device 16 when the sail portions 6B are
completely closed. 20 is én angle detector which is attached
to the mast 1 for detecting the rotation angle of the mast 1.
21 is the mast rotation controller which has the functions

to determine the deviation € of the actual sail angle a,
which angle a is detected by the angle detector 20 relative
to the horizontal reference line of the ship, from the above-
mentioned optimum sail angle.ar and send the mast rotation
instruction signal C, to the mast rotating mechanism control-
ler described later until the deviation € becomes zero. 22
is a mast rotating mechanism controller which is actuated by
the mast iotation instruction signal C, and drives the mast

rotating mechanism 2.

A plurality of wind velocity signals and a plurality
of wind direction signals from.the.ﬁind velocity/wind direc-
tion meter 15 are smoothed by the calculatiﬁg device 16 at
prescribed time intervals. The reason for the smbothihg is
as follows: Since both the wind velocity signals and the
wind direction signals contain variable cémponents of a con-

siderably high frequency, it is not proper to use these wind
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velocity signals and wind direction signals both containing
such high-frequency variable components for rotating, open-
ing and closing operations of the rigid sail. Smoothing is

possible by any of the following two methods:
5 Smoothing method 1 :

Measuring wind velocity signals or wind direction
signals from the wind velocity/wind direction meter at
prescribed time intervals, and calculating these plurality

of wind velocity signals or wind direction signals in

10 accordance with the following egquation (1):
In= (K4 +Xg + .-n.. + Ay tZp)/m e (1)
where, X, : Smoothed wind velocity signals or

wind direction signals;

n-th wind velocity signal or wind

3t

15 direction signal;

n : +the number of wind velocity signals

or wind direction signals.

Smoothing method 2

Measuring wind velocity signals or wind direction
20 signals from the wind velocity/wind direction meter at

prescribed time intervals, and calculating these plurality
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of wind velocity signals or wind direction signals in

accordance with the following equation (2):

Tn =Fney * &y - Fpoy) eERD .. (@)

where, X, smoothed wind velocity signal or wind

5 direction signal,

smoothed wind velocity signal or wind

-1

direction signal directly before Zp,

%n : n-th wind velocity signal or wind
direction signal,
10 T : time constant under the first order lag,
and
At : time interval for measuring the wind

velocity or wind direction.

When smoothing wind velocity signals, calculation
15 can be performed by the above—mentionedrequations (1) and
(25 with no problem, since the value of wind velocity signal
continuously varies. When smoothing wind direction signals,
however, if the wind direction chénges continuously in one
direction, i.e., if it changes by more than 360° clockwise
26 .or anticlockwise, the wind direction signals always contain

a point of discontinuity. This is due to the fact that a
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wind direction signalIXi is put out from the wind direction
meter in the form of, for example, a voltage as shown in
Fig. 7. More particularly, when the wind direction changes
from just behind the ship clockwise by 360°, the wind direc-
tion signal Z; varies from 0 V to 10 V. Therefore, a point
of discontinuity occurs between 0 V and 10 V. To solve this
problem, the above-mentioned wind direction signal X is
converted into a value X, to which ?he equa;ions (l) and (2)
presented above are applied. The flow chart for the calcu-
lation of the value X, is shown in Fig. 6. When the wind
direction signal changes, for example, from 0.56 V (-160°)
anticlockwise to 9.7 V (+170°), it is converted into the

following continuity of values:
Wind direction signal before conversioﬁ:
Zp-1 = 0.56 V (~160°) ——— Ly = 9.7 V (+170°)
Wind direction signal after conversion:
x;_l —> X, = Xp-3 - (0.56 + 19‘—.9.7) V (-30°)

As shown in Fig. 7, the range of possible values
of the wind direction signal X; is from 0 V (-180°) to
10 v (+180°), whereas fhe wind direction signal X, after
conversion may take a value beyond the above-mentioned

range. When the final wind direction signal Z, obtained

0944724
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after smoothing takes a value corresponding to -200°,
therefore, this value is converted into another value

corresponding to +160°.

The degree of the above-mentioned smoothing can
be freely changed by selecting the number n of wind
velocity signals or wind directioﬁ signals in the above-
mentioned equgtion (1), and by selecting the tiﬁe constant

T in the above-mentioned equation (2).

Then, the calculating device 17 determines, on the
basisrof the smoothed wind velocity signals and wind direc-
tion sigpals thus obtained, whether or not the wind force
can be safely aﬁd effectively u#ilized as the propulsion
for the ship. The following'three conditions are set for

the above determination:

where, 7 : apparent wind velocity measured on

the ship (relative wind velobity); and

Vy @ upper limit value of the "U* determined
by the total area of the rigid sail and.

the stability of the ship;

where, Va: actual wind velocity on the sea (true wind

velocity); and
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upper limit value of "¥;" determined
by the total area of the rigid sail

and the stability of the ship; and
>
(3) © = 06y

5 where, © apparent wind direction measured on

the ship (relative wind direction);

and

Oy : the lower limit value of the "0", in
which the rigid sail no longer produce

10 ' an- effective propulsion.

Fig. 8 shows the relationship between the ship speed
Vg, the relative wind velocity 9); the true wind velocity V3

and the relative wind direction 0.

The relationship between the above—mentiohed'Vg, v,

15 YU, and © is expressed by the following equation (3):

'v-azl= V2 V2= 2V VS 0 teeniiiiiinnan . (3)

As fér the above—mentioned conditions (1) and (3),
determination can be easily made by comparing wind velocity
signals with the prescribed upper limit value 9 and com-

20 paring wind direction signals with the prescribed lower.
limit value Og. With regard to the condition (2), in which

the true wind velocity that cannot be directly measured on

a
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a ship is involved, determination is made wifh the use of
the above-mentioned equation (3). More specifically,
determination is done using the following equation (4)
solving the quation (3) as to the relative wind velocity
VUby introducing the upper limit value w5, as the true

wind velocity U:

s U; cos O-+¢A$i sinZ0 +?Tiu ......... (4)

In ﬁhe equation (4), when the ship speedﬂU; can be
considered to be constant, it would be possible to make
determination on the above-mentioned condition (2) with the
use of two data, i.e., the relatiﬁe wind direction 8 and

the relative wind velocity V. - The value obtained by sub-

‘stituting'the relative wind direction € into the right side

of the equation (4) and the actually measured relative wind
velocity U are compared. ,If:the former value is larger
than thetlatter one, the above-mentioned condition (2) is
satisfied. Fig. 9 shows an example of the range within
which the wind force-dependent on the above-mentioned three
conditions can be safely and effectivély utilized as fhe

propulsion for the ship.

A sail portion opening/closing instruction signal
Ci is sent from the calculating device 16 to the lift
controller 17, in response to the result of the above-

mentioned determination. Namely, when the wind force is
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determined to be capable of being safely and effectively
utilized as the propulsion for the ship, the calculating
device 16 issues an opening instruction signal of the sail
portions 6B to the lift controller 17. This causes
actuation of the lifts 11 to raise the movable rdds 10,
thus opening the sail portions 6B. Wﬁen thé wind force is
determined not to be capable of being safely and effectively
utilized as the propulsion for the ship, on the other hand,
the calculating device i6 iséues a éiosing instruction signal
of the sail portions 6B to the lift controller 17. This
causes actuation of the lifts 11 to lower the movable rods
10, thus closing the sail portions 6B. When opening or
closing of the sail portions 6B is completed, the limit
switch 18 or 19 is actuated andré sail pértioq-bpéning com-
pletion signal %7 or a sail'poftion closing completion
signal %5 is transmitted to the calculating device 16 for

confirmation of opening or closing of the sail portions 6B.

Then, the optimum sail angle is calculated by the
calculating device 16 on the basis of the smoothed wind
direction signals. This is-'done as follows. As shown in
Fig. 10, the relationshib between the relative wind
direction and the sail angle giving the maximum propulsion
in the opened position of the sail portions 6B, and the
relationship between the relative wind direction and the
sail angie giving the minimum wind resistance to the rigid

<
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sail in the closed position of the sail portions 6B-are

‘previously calculated and stored in the calculating

device 16. In response to the relative wind direction
signals from the wind velocity/wind direction meter 15,
the device 16 calculates the sail angle giving the
maximum propulsion when the sail portions 6B are opened,
and on the other hand éhe sail angle giving the minimum
wind resistance to the rigid sail 6 when the sail portioms
6B are closed, these angles being set as the optimum sail

angle a,.

Then, the deviation € of the actual sail angle o,
which angle o is detected by the angle detector 20 relative
to the horizontél reference line of the ship, from the set
value of the optimum sail angle oy is.calculéted by the mast
rotation controller 21, and a mast rotation instruction
signal C, 'is sent to the mast rotatiﬁg'mechanism controller
22 until the above deviation & becomes Zero.-.The mast
rotating mechanism 2 is driven by the mast rotating mechanism
controller 22, and the rigid sail 6 is rota;éd, together with

the mast, to form the optimum sail angle.

According to.the present invention, as described
above, it is possible to easily and certainly rotate, open

and close a rigid sail equipped on a ship in response to

© the wina.velocity and the wind direction which change with
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time on the sea, with a view to effectively utilizing the
wind force as the propulsion for the ship, thus providing

industrially useful effects.
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CLAIMS:

1. A method of opening, closing and rotating a gener-
ally rigid marine sail which comprises at least first and
second sail portions pivotably movable between an open and
a closed position about a substantially vertical axis assoc-
iated with a mast of a ship, and said mast being rotatable
about its own axis,

characterized by:

smoothing a plurality of signals representative of
the wind velocity at predetermined time intervals;

smoothing a plurality of signals representative of
the wind direction at predetermined time intervals;

determining on the basis of smoothed wind velocity
signal and said smoothed wind direction signal whether said
sail portions are to be in the open or closed position;

automatically operating an - apparatus for opening
and closing said sail portions in accordance with said deter-
mination; '

determining an optimum- sail angle, relative to the
ship, at which said'sail portions provide maximum propulsive
effect when in said open position and minimum wind resistance
when in said closed position; and

rotating said mast together with said sail portions
in accordance with any deviation between the actual sail
angle and said optimum sail angle whereby to tend always

to maintain said sail portions at said optimum aﬁglé.

2. A method as claimed in claim 1, characterized
in that either or both of said plurality of wind velocity
signals and said plurality of wind direction signals are

smoothed in accordance with the following equation:
in = (xy + X, + coevs +x 5 +x,)/n

’ where,in : smoothed wind velocity signal or smoothed wind

direction signal,
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X : n-th wind velocity signal or wind direction
signal, and
n : the number of wind velocity signals or wind

direction signals.

3. A method as claimed in claim 1, characterized
in that either or both of said plurality of wind velocity
signals and said plurallity of wind direction signals are
smoothed in accordance with the following equation:

Xp = zn--:L + O - in—-l) exp (- %‘E)

wherein : smoothed wind velocity signal or smoothed wind
direction signal, '
in—l : smoothed wind velocity signal or smoothed wind

direction signal directly beforexn,
X : n-th wind velocity signal or wind direction
signal,
T : +time constant under the first order lag, and

At : time interval for measuring the wind velocity
or wind direction.
4, A method as claimed in any one of claims 1 to

3, characterized in that: '

said sall portions are to be in said open position
when'the following conditions (1) to (3) are satisfied:
(1) T2,

where T : 'apparent wind wvelocity measured on the

ship, and

Uy ¢ upper limit value of the ".(V" determined
by the total area of the rigid sail and
the stability of the ship;

(2) ¥s 'zrau .
‘'where 4 : actual wind velocity relative to the sea,

and ,

‘U‘au: upper 1limit wvalue of " (V' a" determined

by the total area of the rigid sail and
" the stability of the ship; and
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(3) ©=0y |
where' ) :  apparent wind direction measured on the
| | ship, and
69 : lower 1limit value of the "@", in which
the rigid sail does not produce effective
propulsion;
~and said sail portions are closed when any one of
the following conditions (4) to (6) are satisfied:
(4) >,
(5) T, Cau? and
(6) © 4#ogq.

5. Apparatus for opening, closing and rotating a
generally rigid marine sail which comprises at least first
and second sail portions pivotably movable between an open
and a closed positibn about a substantially wvertical axis
associated with a mast of a ship, and said mast being rotat-
able about its own axis,

characterized by: .

meter means (15) on said ship for providing signals
representative of the wind velocity and signals representat-
ive of the wind direction; ’ '

means (16) for smoothing a plufalify of the signals
representative of -the wind velocity at predetermined time
intervals; . . '

means (16) for smoothing a plurality of the signals
representé’cive of the 'wind' direction at predetermined time
intervals; .

means (16) for determining on . the basis of said
smoothed wind velocity signal and said smoothed wind direc-
tion signal whether said sail portions are to be in the
open or closed position; .

apparatus (11,17,18,19) automatically operable to
open and close said sail portions in accordance with said
determination;

means (16) for determining an optimum sail angle,
relative to the ship, at which said sail portions provide
maximum propulsive effect when in said open position and

minimum wind resistance when in said closed position; and
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“apparatus (5,20,21,22) for rotating said mast together
with said sail portions in accordance with any deviation
between the actual sail angle and said optimum sail angle
whereby to tend always to maintain said sail portions at

said optimum angle.

e i . S 3 e 113
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FIG. 7
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FIG. 10
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